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Abstract 

Complete expressions of the 'sbg and 567 vertices are derived in the frame- 
work of supersymmetry with minimal flavor violation. With the minimal 
supergravity (mSUGRA) model, a numerical analysis of the supersym- 
metric contributions to the Wilson Coeflicients at the weak scale is pre- 
sented. 
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1 Introduction 

The rare B decays serve as a good test for new physics beyond the standard model (SM) since they are not 
seriously affected by the uncertainties due to long distance effects. The forthcoming B-factories will make 
more precise measurements on the rare B-decay processes and those measurements would set more strict 
constraints on the new physics beyond SM. The main purpose of investigation of B-decays, especially the rare 
decay modes is to search for traces of new physics and determine its parameter space. In all the extensions of 
SM, the supersymmetry is considered as one of the most plausible candidates. In the general super symmetric 
extension of SM, new sources of flavor violation may appear in those soft breaking terms [P. Applying the mass 
insertion method, the influence of those non-universal soft breaking terms on various flavor changing neutral 
current (FCNC) processes are discussed in literatures Q. However, too many free parameters which exist in 
the supersymmetry model with non-universal soft breaking terms decrease the model prediction ability. Thus 
for a practical calculation whose results can be compared with the data, one needs to reduce the number 

^Postal address 
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of the free parameters in some way, i.e. by enforcing some physical conditions and assuming reasonable 
symmetries. A realization of this idea is the minimal supergravity (mSUGRA), which is fully specified by 
only five parameters[Q. In this work, we perform a strict analysis on the sbg (sb'y) effective Lagrangian in the 
minimal flavor violation supersymmetry up to the leading order. The NLO SUSY-QCD corrections to those 
processes have been evaluated in our another work 

The most general form of the superpotential which does not violate gauge invariance and the conservation 
laws in SM is 

W = f^eijHlH] + eijhj 11^11' - hii{HlQi - Hlv'^Qi)b' - hi{HlV*^'Qi - hIq{)U' . (1) 

Here , are Higgs superfields; and U are quark and lepton superfields in doublets of the weak SU(2) 
group, where 1=1, 2, 3 are the indices of generations; the rest superfields , & and W are quark superfields 
of the u- and d-types and charged leptons in singlets of the weak SU(2) respectively. Indices i, j are contracted 
for the SU(2) group, and /i;, h^^d are the Yukawa couplings. In order to break the supersymmetry, the soft 
breaking terms are introduced as 

Ao/t = -mlrH}*H} - ml,Hf*Hf - ml,Li*Li 

-m\ii&*& + (miAfiAi + m2A^A^ 

+m3A^A^ + h.c.) + [BfieijHiHf + eijAlhlH}L]R^ 

-AWAHlQi - Hlv'''Qi)b' - AihiiHlV^-^Qi - hIq{)U' + h.c] , (2) 

where m^i, rra^2, '^/ji' ™Xi'^ ^^'^ ™^d^ parameters in unit of mass squared, ms, m2, mi 

denote the masses of Ag. (a = 1, 2, • • • 8), A^ {i = 1, 2, 3) and A^, which are the 5C/(3) x SU{2) x U{1) 
gauginos. -B is a free parameter in unit of mass. Af, A^^, (I = 1, 2, 3) are the soft breaking parameters 
that result in mass splitting between leptons, quarks and their supersymmetric partners. Taking into account 
of the soft breaking terms Eq.(P), we can study the phenomenology within the minimal supersymmetric 
extension of the standard model (MSSM). The resultant mass matrix of the up-type scalar quarks is written 
as 



2 _( w-Q/ +"7^/ + - |sin^%)cos2/3m| -m„/ (^^ + cot /3) \ 

"^^^ ~ I -m^i{Al + n cot P) mfjr +m'^ I + Isin^ 0w cos 2 Pml 



"W ' u' ' 3 

and the corresponding mass matrix of the down-type scalar quarks is 

2 _( "igj + + (i + i sin^ ^w) cos2/3m| -m^/ (A^ + /u tan /3) \ 

^' y -m^/(A^ + //tan/?) m|,j + m^j - i sin^ 6*^^ cos 2/3m| y' 

with m^/, m^/ (/ = 1, 2, 3) being the masses of the I-th generation quarks. One difference between the 
MSSM and SM is the Higgs sector. There are four charged scalars, two of them are physical massive Higgs 
bosons and other are massless Goldstones in the SUSY extension. The mixing matrix can be written as: 

^^=f (5) 

\ cosp smp / 

with tan/3 = ^ and vi,V2 being the vacuum-expectation values of the two Higgs scalars. Another matrix 
that we will use in the later derivation is the chargino mixing matrix. The SUSY partners of the charged 
Higgs and combine to give four Dirac fermions: xf} xt- The two mixing matrices appearing in the 
Lagrangian are defined as 

{Z-fMcZ+ = diag{m^^ , J , (6) 
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where A^c is the mass matrix of charginos. In a similar way, ^C7,D diagonahze the mass matrices of the up- 
and down-type squarks respectively: 

^li ""L = diag{m^^^^ , m^^^ ) . (7) 

In the framework of minimal supergravity (mSUGRA), the unification assumptions at the GUT scale are 
expressed asQ 

A{ = Ai = Ai = Ao, (8) 
B = Ao-l, 

2 2222222 

m-ji/i = rrij^i = m^i = m^j = ttIqi = m^ji = rrij^i = tuq , 
mi = 1712 = "1-3 = "1-1 • 

2 

Under these assumptions, the mSUGRA is specified by five parameters: 

^0; "i-Oi "11) tan/?, sgn(fi), 

2 

and the flavor structure of the model is similar to SM, i.e. flavors change only via the CKM matrix. 

The supersymmetric contributions will modify the Wilson Coefficients of the effective 'sbg and sbj vertices. 
For the W-boson propagator, we adopt the nonlinear gauge whose gauge fixing term is Q 

r = -IPf (9) 

gauge — J txtng C ^ ' 

with / = [dpW^^ — ieApW^^ — i^ra^cf)^^ in our calculations. A thorough discussion about the gauge 
invariance was given by Deshpande et al. [0, 

As in the case of SM [^], the operator basis for h ^ sg'vo. the supersymmetry consists of 

O2 = "(4~y2^{^^^' 9sG ■ a}uj^b , 



1 

(47)2 

1 



= jj^siD^iigsCniuUJ-b 



O5 = j^-^sgsG ■ a{msUJ- + mbUJ+)b . (10) 

In these operators, = — igsG^ and G^j,y = C^^^T"- denotes the gluon field strength tensor with GJ^^ = 
d^Gl - d,Gl + gsr'"'GlGl, andG-a = G^,a^'r 

For transition b 57, the operator basis is somewhat different from those in eq.(|lO|) and the changes are 
reflected in the following replacements: 

02^06= eQdF ■ a}a;_6 , 



1 

(4V)2 



03^07 = j—^-siD^{ieQdFniuUJ-b , 



Os = J^^^^QdF ■ (T{msuj- + mbuj+)b (11) 
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with Ffj^i, being the electromagnetic field strength tensor and F ■ a = F^^a^^ . 

2 The effective Lagrangian for shg {sh^) 

At first, we present the analysis of s6-mixing. The self-energy diagrams are drawn in Fig]l[ The unrenormal- 
ized sh self-energy is given as 

^2 



i=u,c,t W 

+ (^Bo{xi,Xjj,x^^^,x^^) + ■^Bi{xi,x„,x^^^,x^^)YmsUJ- + mbuj+) 

w 

+Co(xi,x^,x,, (12) 



„2 

^2 



,,^2 

with the symbolic definitions x,- = — ^,rE„ = — = ^" , x = with i = u ,c ,t. Those form 

factors Aq, Ai, Bq, Bi and Cq are complicated functions of the parameters and their explicit expressions are 
collected in Appendix.^. 

We renormalize the sb self-energy according to the well-known prescription, namely by demanding that 



the renormalized self-energy E vanishes when one of the external legs is on its mass-shell |lO|, 11 1. Obviously, 
this is a necessary physical condition which must be satisfied. This is realized as 

• 2 2 

^ = ^ E ^iby^s{{A* +Mxi,x^,x^^^,x^^) + ^Ai{xi,x^,x^^^,x^^))^u;^ 

i=u,c,t W 

2 

+ + Bo{xi,x„,x^^^,x^^) + ;^Si(xi,rE^,a;^^,x^^))m,cj_ 

w 

+ {Bb + Bo{xi,x„,x^^^,x^^) + -^Bi{xi,Xjj,x^^^,x^^)'^mbUj+ 

W 

+ (c* + Co(xi,Xj^,x^^,x^^))^^^^;^a;+} , (13) 

w 



where 



2 2 

4*4/' \ ~^ ( A ( \ ID ( 

2 

Bb = -Bo{xi,x^,x^^^,x^^) - —fi^Ai{xi,Xjj,x^^^,x^^)+Bi{xi,x^,x^^^,x^^)j , 

W 

w 

(Ai(xi,Xj^,x^^,x^^) + 2Si(xi,x^,a;^^,x^^) + Co(xi,x^,a;^^,x^^)) . (14) 



C 



After carrying out the renormalization procedure described above, the self-energy is written as 



327r2 . 



2 ,,^2 ^2 ^2 ^2 I ^2 



^^^^^41 ^^^2 Ai{xi,X„,X^^ ,X^^) -2 Bi{xi,X^,X^^ ^^:,^)\P^ 



i=u,c,t W w 



4 



+ 



2 9 

P TD ( \ "^b 



+ 



w 

n2 



, , x^^ ) + Bi{xi, Xjj , , ) 



^-Dl(Xj,X^,X^ '■^Xfl'' 2 



w 



(^Ai{xi, 



+ i?i(xj, x^, x^. ,2;^^, 



TUsU!- 



w 



(Ai (x^ , x^ , x^^ , a;^^ ) + 25i (xi, x^ , x , x^^ } . 



(15) 



This procedure is exactly the same as that adopted in the SM casefT^]. 

Next, let us calculate the unrenormalized sbg vertex Tp{p, q) corresponding to Figj2|. Keeping terms up to 
order 0, |16|, , we have 



2 

= SsT"^^ ^ VibV*,{Ao{xi,x^,x^^^,x^^)jpU 

.p^ip + {p + qfip + i>ipi> 



i=u,c,t 



+^l(Xj,X^,X^ ,X 



mt 



u;_ + Fi(xi,x^,x_^ ,x^^)— 2-7pW_ 



mt 



F2 (x j , Xg , X - ■ , X 



^—^u;^ + F3 {xi , x„ , x^^ , 2;^^ ) ^ 



UJ- 



+F4 {xi , Xjj , x^, , X ) w_ + (xi , x^ , x^^ , x^ ) -^2- ((1^ + ^)7p + IpA {msUJ^ + 



+i*5 (Xj , Xjj , X - . , 



w 



,7p](m^u;_ + mbuj+) + Cq (x, , x^ , x _ , ,x^^) 



mf. 



lp^+} 



(16) 



where Fi{xi,Xg,x^. ,x^ ) (i = 1, • • • , 5) are collected in Appendix.^. From EqjT^ and Eq.|T^, it is easy to 



X0 

show that Fp obeys the Ward-Takahashi identity 



g<"^"(p,'?)=5.T4s(p + 



S(p) 



(17) 



According to the general principle of renormalization, sbg— vertex does not exist in the fundamental 
Lagrangian, thus it does not need to be renormalized. In other words, the divergence would be canceled as 
the physical conditions are taken into account. In the nonlinear gauge, as well as in the unitary gauge, the 
one-loop penguin diagram results in a divergence. On other side, all the one-loop diagrams which contribute 
to the 6 ^ sfl' or 6 — > 57 processes constitute a convergent subgroup. Thus obviously, the renormalizations 
of the penguin and flavor-changing self energies are associated. In fact, the Ward-Takahashi identity holds at 
the unrenormalized penguin, to renormalize the sbg vertex, we demand that the Ward-Takahashi identity be 
preserved by the renormalized vertex F 



q'tl'''\p,q)=gsT-\±{p 



(18) 



It is noted that with this requirement, just as in the SM case [18|, the renormalization of the sbg vertex is 
realized when we renormalize the self-energy by enforcing the physical condition S = as one of the external 
legs being on its mass shell. Moreover, indeed, the renormalization scheme of the sbg vertex pledges the 
current conservation for an on-shell transition, since the renormalized self-energies T,{p + q) and S(p) are zero 
as both b and s are on mass shell |18]. 

This renormalization scheme can be understood from another angle. The requirement that the Ward- 
Takahashi identity holds and condition S (on-shell) =0 realize the renormalization of the sbg vertex and the 
scheme is equivalent to summing up the contributions of penguin and flavor-changing self-energies to the 
transition sbg at one-loop level. This procedure can be generalized to two-loop calculations. 
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Applying Eq.l8, we have 



2 _|_ 2 



i=u,c,t 



mt 



+F2{Xi,Xg,X-^^^,X^^ ^ 



+Fi{xi , x^ , x^^ , x^^ ) + (xi , Xjj , ' ^x;3 ) ^ ((l^ + + 7pl^) + mfoW 

w 



+i*5 (xj , X^ , X - ■ , X 



' X/3 ' 



- (^^1 (xi , , X ,^ , a:^^ ) + 2Bi (xi , x^ , x , x^^ ) j —2-7^0;+ 1 . 



(19) 



The terms of dimension- four which are related to the s^pOJ±b vertex cancel each other as long as we let h and 
s quarks be on their mass shells jl^, so that we do not need to consider them at all. We ignore all terms 



which vanish as — > 0, whereas keep the part in the coefficients which are proportional to In — ^ in the 



final effective vertex for b — > sg, we can recast Eq.|19| to a form with the operator basis given in Eqjl0|: 

5 



--6^89 AG 

r 

p 



-]^{^tb^ts E Ci{^i^)Oi + In x, + -VubV:, In x„) O3} 



(20) 



After matching between the effective theory and the full theory 1 14], we have the effective Lagrangian for 
6 —> ,5(7 at the weak scale in the minimal flavor violating supersymmetry as: 



C 



b~^sg 



(21) 



i=l 



where 



Cl(/^w) 



5xt + 1 X? + 2x? 

+ 7f ^Inxt 



2(l-xt)3 {l-xtY 
2xj + 5xj x^ — XfX?^ 



+ 



1 



x^x^(lnxf — Inx^ 



tan^ /? L (x^ — XtY 



6(x^ - Xtf 



2x + 5x^ X - o — X 



a, 13 



x^ X-, (Inx-, — Inx 



(X,3 -X^Y 



Xf) 



ill 



C2(/^w) = 



r 5xt-2 



Inxt + 



-4 + 13xt - 3xf 



4(l-xt)4 8(1-Xi)3 
2xtx^ + ^xlxjj — Xj 



+ 



tan^/? 



x^x^ (In xt — In Xj:^ ^ 
4(x^ - XtY 



24(x^ - Xt) 



2x + 5x^ x,o — X 



a, /3 



x^ X-, (Inx-, — Inx 



2(x -X-J4 

^ X,3 c/S; 



+ 



X/3 



12(x^^ -x-3)3 



6 



-9xt + I6xt - 4 



Inxt + 



12(1 -xt)2 



1 



(2rciX^ — 3a;jX^)(lnxt — Inx^) 16xtx^ — 29x^x^ + 7xf 



a, /3 



6(x^ - xt)'^ 



+ 



36(x^ - xt) 



x^ (lnx-3-lnx, ) 11x2 - 7x^ x -3 + 2x2 



X/5 



3(x 



+ 



X- 



xt 



X/3 "C/S 
2 



18(x^ — x-o)^ 



1 'I -\ 

xf — Xt , xf — 1 

t l^lnxt + ^ 

(1 - XtP 

m 



2(1-Xi)3 



x2x^(lnxt — Inx^) x^x^ + x^ 



+ 



E 



X/3 



a, /3 



\/2m„ cos /? 



2x^ X-o (lnx-3 — Inx^ ) x^ +X-o 



(X^ 



+ 



2(X^-Xi)2 

X,3 ' C/g 



(x 



In Xt 



+ 



3 - Xt 



2(l-xt)3 4(l-xt)2 



+ 



xtx^ (In Xt - In x^ ) 3Xj:^ Xt 



a, /3 



\f2m cos /? 



■ 2(x^-xt)3 
x^^x (Inx- 



+ 



4(x^ -xt)2 



2(x, 



(22) 



with 



(7» l,/3 



-Z Z' , 



V2m^sin/3 



(23) 



and the mixing matrices Z^.Z^^ are given in Eqs.^, |^. The first terms in the above expressions are the SM 
contributions [^] and the second terms are the charged Higgs contributions. The supersymmetric corrections 
exist in the third terms. 

For the vertex sbj, the Feynman diagrams are drawn in Fig.^. 

With ah unrenormahzed quantities the Ward-Takahashi identity for the sbj vertex is in form: 



1 

--e 
3 



T,{p + q) - S(p) 



(24) 



To renormahze the 567 vertex, we demand that the Ward-Takahashi identity be preserved for the renor- 
mahzed vertex Fp ''^|18|, 



1 



t{p + q) - S(p) 



(25) 



The other steps are similar to those apphed in the calculation for the sbg vertex. The result is written as 



-^VtbV*{c\{fiJO, + C4(/x^)04 + Ce{fi^)Oe + CjifiJOj + Csif^M} 



(26) 



with 



Xt 



18xf - llxt - 1 , 15xt2 - 16xt + 4 



1-^i 



+ 



4(l-xt)4 



In Xt 



+ 



Xt 



4xt + xtx^ + 25x^ 



tan2 /? L 72(xt — x^)^ 



(3x2x^ + 2xtx^)(lnxt — Inx 
12(xt-x^)4 



a, (3 



8x 2 + 5x - o X 



7x2 



X/3 



36(x-, — X )2 



7 



+ - 



o — In X 

"3 ^/3' 



6(x 



-19x^ + 25x? 3x^ - 30xf + 54x^2 _ ^2xt + 



12(1 -Xt) 



+ 



6(l-xt)4 



In xj 



+ 



tan^/3 



19x^ + lOOxfXj:^ — 98x^ (3xf — 9x^x^ — 4x^)(lnxj — Inx^ 



108(x4 - Xjj] 



+ 



36(xt - 



a, 13 



.52x2 



101x-,x^ +43x2 



xp 



54(x, 



xp' 



(6x^ -27x2 x^ +12x-,x2 +2x^ )(lnx. 



3 -I'^^x,; 



9(x^. 



xp' 



Xt 



-5x? + 8xt - 3 3xt - 2 , 

+ — In Xt 



-Xt 



4(l-xt)3 
1 



2(xt - x^ 



+ 



2(l-xt)3 
(x^ + xjx^)(lnxt - Inx^) 



xp 



a, (3 ^"^W COS /? 



2(xt-x^)3 
7x 



6(X-3 -^,^)2 



(3:r^, +2x-oX^ )(lnx-o — Inx 



+- 



3(x- 



X,3' 



Xp' 



(27) 



3 Numerical results 

In this section, we present our numerical results of the Wilson coefficients in the mSUGRA model. As we 
have mentioned before, the model is fully specified by five parameters 

mo, mi, Aq, tan/?, sgn{fi). 
Here mo, mi, and ^40 are the universal scalar quark mass, gaugino mass and trilinear scalar coupling. They 

2 

are assumed to arise through supersymmetry breaking in a hidden-sector at the GUT scale ^igut — 2 x 
lO^^GeV. In our numerical calculation, to maintain consistency of the theory and the up-to-date experimental 
observation, when we obtain the numerical value of the Higgs mass in the mSUGRA model with the five 



parameters, and we include all one-loop effects in the Higgs potential 1 19]. Moreover we also employ the two- 



loop RGEs[20| with one-loop threshold corrections]^, ^] as the energy scale runs down from the mSUGRA 
scale to the lower weak scale. 

For the SM parameters, we have m^ = 5GeV, m^ = 174GeV, mw = 80.23GeV, ae(mw) = 
Y^, as(mw) = 0.12 at the weak scale. In our later calculations, we always set Aq = 0, sgn{fi) = —. 
Taking above values, we find that the Standard Model prediction for the Wilson Coefficients are C2gj^f{m^) = 
0.315, C3,,,{m^) = 0.256, C^^mM = "0.218, Ces,j{m^) = -1.477, Cr.^im^) = 1.511, CssmM = 
0.891. Then with the aforementioned inputs of the five parameter we evaluate the super symmetric corrections 
to those Wilson coefficients Cj(m^) (i = 2, 3, 5, • • • , 8). 

Even though other Wilson coefficients also get nonzero contributions from the supersymmetric sector, our 
discussions mainly focus on 3 g g ^ g (m^ ) because they play more significant roles in low energy phenomenol- 
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ogy. Moreover, we will illustrate their dependence on the supersymmetric parameters through the attached 
figures. 

In Fig.^ we plot C2{m^), 6*3(771^), C^{m^) versus mi with niQ = lOOGeV, ^0 = 0) sgn{fi) = — 
and tan/3 = 2, 20. Setting mi = lOOGeV, ^0 = 0, sgn{n) = — and tan/3 = 2, 20, the dependence 
of C2{m^), C^{m^), C^{m^) on mo is plotted in Fig.|5[ Prom Fig.§, we find that the supersymmetric 
contributions make the Wilson coefficients at the weak scale deviate from the SM predictions obviously when 
mi < SOOGeV; when mi further increases, the new physics contributions gradually become immaterial. A 

2 2 !_. 

similar situation exists in Figj5|, the Wilson coefficients tend to the SM prediction values as mo increases. For 
the Wilson coefficients of 6 ^ 57, we plot C%{m^)^ C'r{m^), C%{m^) versus mi with mo = lOOGeV, Aq = 
0, sgn{ij) = — and tan /3 = 2, 20 in Fig.|. Setting mi = lOOGeV, Aq = 0, sgn{fi) = — and tan /3 = 2, 20, 
dependence of C2(m^), C3(m^), C5(m^) on mo is plotted in Fig.|^ The trend of changes of those coefficients 

with respect to parameters mi, mo is similar to that in the b ^ sg case. 

2 

When the effective Lagrangian is applying at the hadronic scale, we should evolve those Wilson coefficients 
from the weak scale down to the hadronic scale. The running depends on the anomalous dimension matrix of 
concerned operators 1 22]. The coefficients Cj(m^) obtained at the weak scale M\y are regarded as the initial 
conditions for the differential RGEs. 



4 Discussions 

In this work, we discuss contributions to the effective Lagrangian for b ^ sg and b ^ from the SUSY 
sector in the mSUGRA model. As many authors suggested, if the masses of the lightest SUSY particles are 
close to the electroweak energy scale, the contribution from the SUSY sector to the Wilson coefficients of the 
induced operators is comparable with that from SM. 

Our numerical results indicate that within a reasonable mSUGRA parameter range, the SUSY contribution 
to C5(m^) can enlarge the SM prediction by about 90%, and to the other coefficients, the SUSY contributions 
are not smaller than 30% of that of SM. 

If the masses of the SUSY particles are larger, the SUSY contributions to the effective Lagrangian would 
become weaker. Then as the SUSY particles are very heavy, the main contribution to the effective Lagrangian 
uniquely comes from the standard model. 

As well known, the QCD correction to the vertices sbg and 567 is important and for practical application 
of the effective Lagrangian to evaluate the physical processes, say B decays, one needs to run down the 
coefficients from the weak energy scale to the hadronic scale, i.e. Mb ~ 5GeV<C nw^ iii terms of the RGEs[p. 

In this work, we adopt the non-linear gauge. The advantage is that the Ward-Takahashi identity holds 
at the one-loop level no matter for the unrenormalized or renormalized quantities. This advantage would be 
more obvious as we go on doing the two-loop calculations. 

Our numerical results also show that as all SUSY particles become very heavy, the values of all coefficients 
tend to that determined by the SM sector which is consistent with the results obtained before [p^]. 
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A The expressions for the form factors 



The form factors in self-energy is given as 



Aoixi,x„,x..,x^^) = (l + — 



A+^+lnx„+ 



xj In Xi 



+ 



Xi 



2tan2/3 



" ' X^-1 {Xi - 1)2- 

xflnxi {2XjjXi - x'i)lnxj: 



1 X- 
A + - + InX;, + "2 -1- 1 r 



a,/3 



o X.. X.. (2x^ — X - . ) In X - . 

A + - + In 2 \ 9^ 9L 

2 — x„ (x.. —x^ Y 



x^ In 



(x 



Al(Xi,X^,X-, ,x^^) = (1 + ^) 



2x7 + 5.!:, -1 2x2lnxi 



3(Xi - 1)3 {xi - 1)4 



Xi 



2:r 



;:).r,;r„ - :r ^ 



2tan2/3L 3(xi-x^; 



(Xi Xfjj 



a, (3 



5x- .x^ — 2x 2x . X flnx . 



Inx 



3(x- . — x^ )3 



+ 



5o(xi,x^,x^. ,x^^) 



xf In In 



Xi-l 



Xi X I 



-Bi (xj , x^ , x^^ , x^^ , 



+2E ^ 

^ V2m^ cos P 



"w 
Xi + 1 



(^3''^S3''^)[A + l + lnx^ 



X - . In X - . — x^ In x^ 
(/^ 



+Xi 



2(X,-1)2 (Xi-1)3- 

Xi ~\~ X ^ XiX (In Xi In X ^ ) 



2(xj -^if)^ (-^i -^if) 



^ A/2m^ cos/3 



, .a., 13 a., 8 , 

(A ^3 ) 



X - . + x^ 2x - . x^ (In X - . — In x^ ' 



(X-. — X^ )3 



Co(Xi,X^,X^. )3^x^) 



tan^/? 



1 X- 
A + - + lnx^ + — _ 

Z (^X^ j 



xflnxj ^ (2x^Xi - x^ )lnxjy-| 



(xj a^/f)^ 



+ E 

a,/3 



(^; 



2cos2/3 



X 



A + - + lnx^ 



(7' 



+ 



X - . (2x^ — X-, ) Inx 



x^ Inx^^ 

X/3 '^/S 



The expression for Fi{xi^ ^h^^^i ' ) — 1' ' " ' ; 5) written as 



Xi 



Fi(xj,x^,x,^,x^^) = (1+ 2 



5xf-22xi + 5 (3x, -l)lnx. 



+ 



18(Xi - 1)3 3(Xi - 1)4 
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i*2 {Xi , Xjj , X . , X 



-^3 {Xi 1 Xjj , X -^^ , X 



Fa {^Xi , x^ , X , X 



+- 



1 rXi{5xf — 22xiXjj + bx'^^) (x^Xj — 3x^x?)(lnxj — Inx^ 



tan^ /3 L 36(xj — x^)^ 



6{xi - x^) 



a, P 



a,;3 2 



X/3 



(7^ X,3 



Xi3' 



Ul. X()> 



36(x. 

xf — 15x? — 12xi + 8 (5x? — 2xi) Inxj 



12(Xi - 1)3 



2(x, - 1)4 



+ 



1 r iCi(x? — 5xjXj:^ — 2x^) xfx^(lnxj — Inx^) 



12(xi - x^)' 



2(xj x^) 



a, /3 



~ 2x^ x.-x^ (Inx,- -Inx^ 



6(x-, -x^^)3 



(^m ^x^ > 



r 5xf + 3xf + 6xi + 4 Xj (2xf - Xj - 2) In x. 



+ 



+ 



12(xi - 1)3 2(xi - 1)4 

1 r2;j(5x? + SxjX^ — 4x^) (2x3x^ — x?x^)(lnxi — Inx^) 



tan^/3L 12(xi-x^)3 



+ 

2x2 

X/3 



2(xj x^)4 
X - - x^ (Inx- - — Inx^ 



6(x-, -x^^)3 



^1 + 



Xi r5x? — 22xj + 5 (3xj — 1) In x 



+ 



tan2/3 



18(xi - 1)3 3(x, - 1)4 

Xi{5xf - 22xjX^ + 5x^) (x3 Xj - 3x^x?)(lnxi - Inx^) 



36(xj — Xf 



6(Xi - Xjy)4 



i<5 (Xj , Xjj i-'^fji 1 -"^xp ' 



a, /3 



a,/3, 2 



C , - X 



36(x^^ 
'^i (^2 3) In Xi 



17x1 (3x-.x^ +x3 )(lnx,. - Inx 



Xfj' 



xp' 



+ 



6(X-, — X^ )4 

x^^ 



Xj (xj - 3xj:^ ) XjX^ (In Xi - In x^ ) 



+E 

a, 13 



4(xi-l)2 2(x, -1)3J U{xi-X^f 
m. 



+ 



xp 



\pim cos fi 



2(x^. -3;,,)2 



+ 



2(xj X 
X, . X (— Inx, . + Inx 

Ul, X0\ ' X0- 

(X- - — X^ )3 



.(29) 
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Figure 1: The one- loop self-energy diagrams for 6 — >■ s in the SUSY model with minimal flavor violation 
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Figure 2: The one-loop diagrams for 6 — > in the SUSY model with minimal flavor violation 
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Figure 3: The one-loop diagrams for 6 — > 57 in the SUSY model with minimal flavor violation 
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Figure 4: The Wilson coefficients at tfie weak scale for b ^ sg in mSUGRA versus mi with Aq = 0, sgniii) 

2 

— and (i) solid-line: tan/3 = 2; (ii) dash-line: tan/3 = 20; (iii) dot-line: the SM prediction value. 
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Figure 5: The Wilson coefficients at the weak scale for b —> sg in mSUGRA versus ttt-q with Aq = 0, sgn{ii) 
and (i) solid-line: tan/3 = 2; (ii) dash-line: tan/3 = 20; (iii) dot-line: the SM prediction value. 
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Figure 6: The Wilson coefficients at the weak scale for b ^ sj in mSUGRA versus mi with Aq = 0, sgn(fi) 

2 

— and (i) solid-line: tan/3 = 2; (ii) dash-line: tan/3 = 20; (iii) dot-line: the SM prediction value. 
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Figure 7: The Wilson coefficients at the weak scale for 6 ^ 57 in mSUGRA versus niQ with Aq = 0, sgn{ii) 
— and (i) solid-line: tan/3 = 2; (ii) dash-line: tan/3 = 20; (iii) dot-line: the SM prediction value. 
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